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cepts Considered

Solar Aircraft
Geoff Landis (NASA-GRC)

Mechanical Compression Pumped Helium Balloon

Balloon (Paul Voss CMET)
(Thin Red Line Aerospace)

Superpressure Balloon (JPL
Venus prototype)

5 Hybrid Airship (Northrup Venus Atmospheric
Maneuverable Platform (VAMP)

. Northrop Grumman
Air Ballast Balloon (Google Loon) Phase Change Fluid
Balloon (JPL)

. . Variable Altitude and
Fixed Altitude Variable Altitude Lateral Control
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titude Controlled Balloons st

~ Current Capabilities at Earth
L8unched from Puerto Rico
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T Variable altitude
air ballast balloon

Google Loon Flight
September 2016
Flight duration 190 days
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chnology Maturity Assessment (1 of 2)

Platform Concepts Altitude Range Studied

« Fixed Altitude —SP Balloon — —> Nominal Range
* Design Altitude(53km, 30C)

* Excursions of (2km, 15C)

* Variable Altitude

. / Nominal Range
— Air ballast * Upper limit (60km, -35C)

— Pumped Helium * Lower limit (50 km, 65C)
— Mech. Compression \ ]

h h Extended Altitude Range (Note 1)
—_Phase Change * Upper limit (60km, -35C)

* Lower limit (40km, 115C)
* Variable Altitude and Lateral

Control Nominal Range (Note 2)
. * Upper limit (66km, -45C)
— Solar Airplane

. * Lower limit (62 km, -35C)
— Hybrid Airship —

a

=  Nominal Range
* Upper limit (60km, -35C)
* Lower limit (50 km, 65C)
Note 1: For brief excursions into the high temperature region, temperature sensitive
components(electronics, sensors, batteries can be maintained below 30C)

Note 2 : Solar airplane can only fly on the day side of Venus above the clouds
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Platform Type

Altitude

Concept
Range

chnology Maturity Assessment (2 of 2)

Technology Maturity

Temperature .
Aerial

Range

Descent

Entry System

Fixed Altitude

Variable Altitude

Variable Altitude

Full 3D Control

Full 3D control

Superpressure balloon 53 +/-2Km

All four concepts 50 to 60 km
All four concepts 40 to 60 km
Solar Airplane 60 to 67 km
Hybrid Airship (vAMP) 50 to 60 km

Low

_ Low to Moderate _ Moderate

Deployment Mobility

-soctococ [N DN DN DN
-socto115c [INNNNNNNNN N [
-socto-ssc [NEEEEEEN NN DN N

30 +f-8C

-30C to 60C

BN icn N very High
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* Atmospheric Science

— Kevin Baines, JPL/University of Wisconsin
— Kevin McGouldrick, University of Colorado
— Giada Arney, GSFC

— Dave Atkinson, JPL

— Dave Crisp, JPL

— Mona Delitsky, CSE

— Sebastien Lebonnois, LMD, Paris, France

— Sanjay Limaye, University of Wisconsin

— Kandis-Lea Jessup, SWRI

— Paul Steffes, Geogia Tech

« Surface and Interior Science
Bob Grimm, SWRI, Boulder
* Lori Glaze, GSFC
+ Attila Komjathy, JPL
* Siddharth Krishnamoorthy, JPL
« Alan Treiman, LPI
» Gerald Schubert, UCLA
* Tommy Thompson, JPL

Experimental techniques identified and evaluated
Instruments with multiple science functions e.g. magnetometers identified
Contributions to VEXAG Goals Objectives and Investigations (GOI) assessed
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essment of Aerial Platforms

VEXAG Goals, Objectives and Investigations Venus Aerial Platform and Sonde Types with Altitude Range (km)

‘onstan Variable Altitud
. ariable Altitude 3D control Probes/Sondes
ot Altitude Aerobot

Ohjec‘lives Inves‘tigaiinns Nomina Enhanced solar Airship Large Targeted Shallow
Code | sp Balloon Range Range Airplane VAMP Probe Sonde  Sond (mult)

50 to 60 40 to 60 66 to 75 50 to 60 65 to 0 55to0 60 to 40

Atmospheric Solar Nebula/noble gases LA.1
Evolution Atmospheric Escape l.A.2
@ |Radiative balance, |Global circulation .B.1
£ |climate and Radiative Balance .B.2
E cuneratation Vertical motions .B.3
E Cloud chemistry L.C.1
& |Clouds and Haze Greenhouse /Cloud physics I.C.2
Characterization RDIE D'I: |lghtning I.C.3
Biologically relevant chemistry .C.4
Stratigraphy/deformation %1
N Radiogenic He, Arsg in atmos MAZ
2 |Geodynamics Geophysical studies .A.3
3 Active volcanism and tectonism ILAA
_—: Absolute rock ages 1ILA.5
E Elemental composition I.B.1.
o Large scale composition variations |II.B.2
,E o L Structure of crust II.B.3
5 Differentiation Core and mantle structure I.B.4
« Radiogenic crustal elements II.B.5
Subsurface layering I.LB.6
- History of water from Isotopes L.AL
]
_E v Liquid water and the Role of water in tessera L.A.2
5 £ greenhouse effect Hydrous minerals and sediments  |llL.A.3
@ E Interactions ot Elemental composition-noble gas  [1I1.B.1
-E £ |interior-surface and |Rock weathering investigations l.B.2
-E a atmosphere over Altitude profiles of reactive species|lll.B.3
= . Sulfur outgassing from surface 1.B.4
Other Solid Body Atmosphere Ang Mom  [NA
MNecessary and sufficient to address the investigation in the GOI
- Necessary but not sufficient
- Complementary to a primary measurement
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Platforms — Design Sweet Spot

Variable Altitude
Enhanced Range*

Variable Altitude
Nominal Range*

Hybrid airship
(3D control)

Fixed Altitude

Color Code  Technology Maturity
I very High
Solar Airplane I i

(3D COﬂtFO') _ Moderate
_ Low to Moderate

Low

Science Value

Mass/Complexity

* Nominal Range

Altitude controlled balloons represent a “sweet spot” in Altitude 50 to 60 km
the aerial platform option space.

* Enhanced Range
Altitude 40 to 60 km
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https://www.lpi.usra.edu/vexag/reports/Venus_Aerial_Platforms_Final_Report_Summary_Report_10_25_2018.pdf

Venus Aerial Platforms (VAPS) could offer a credible pathway to long
duration in situ missions at Venus. Missions which explore the temperate
zone in the Venus clouds are the place to start

Focusing on the temperate zone enable us to capitalize on the rich
heritage of conventional sensors and electronic systems.

Although the VAP technology for the SP platform is almost ready now, a
multi-year investment program focusing on variable altitude capability
would enhance the science capability of these platforms

Among the opportunities for the application of VAP technology are:
— Joint NASA Russian Venera D Mission Concept— NASA contribution

— Venus Flagship Mission — currently being studied by NASA

— Venus Bridge — atmospheric elements

— Future competitive opportunities — New Frontiers and Discovery
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